Introduction
============

Nutritional status is the most important predictable factor in linear growth, development of brain and organs, and maintenance of appropriate fat and muscle stores in chronic kidney disease (CKD) \[[@B1]\]. It is common to cause nutritional imbalance, particularly protein-energy malnutrition in children as nutrient requirement increases due to rapid physical development, whereas body nutrient storage is low \[[@B2],[@B3]\]. According to the North American Pediatric Renal Transplant Cooperative Study (NAPRTCS), protein-energy malnutrition has been shown in 1/3 of children with CKD and it was higher in younger age group \[[@B4]\]. Physical manifestations of poor growth, such as low height and weight have been associated with an increased risk of mortality \[[@B1],[@B5]\]. Therefore, caring for children with CKD presents unique and varied challenges for the entire healthcare team. One major challenge is balancing the nutritional requirements of these patients in order to promote appropriate growth and development with the need to control the biochemical and metabolic consequences associated with the disease progress.

Several studies have demonstrated that usual calorie intake of children with CKD was 76-88% of the recommended intake (RI) and it was one third lower than that of age-adjusted healthy children \[[@B5],[@B6]\]. Other studies have shown low calorie intake (less than 90% of RI) was associated with high protein intake (more than 150% of RI), presenting the relative distribution of calories of 48% from carbohydrates, 15% from proteins, and 37% from lipids \[[@B5],[@B7],[@B8]\]. It is well-known that dietary protein should be restricted as the kidney function decreases because high protein intake deteriorates the kidney function. Other essential nutrient intake deteriorates with severity of kidney failure due to rigorous restriction of food consumption in terms of limitation in protein, potassium and sodium intake. Therefore, it would be expected that the children with CKD hardly sustain diet quality in consideration of the diversity and adequacy of food \[[@B9],[@B10]\]. It is imperative to assess diet quality for children with CKD in order to reduce the risk of deficiency or unbalance in nutrient intake and to ensure overall balance of nutrient intake \[[@B11]\].

Although there are a number of studies to assess the nutritional status of children with CKD \[[@B2],[@B3],[@B8],[@B12],[@B13]\], there is lack of study to evaluate dietary quality which includes variety, adequacy, moderation, and overall balance of nutrient intakes in this sub population. In addition, although the potential impact of dietary manipulations on growth of children with CKD is of great concern, to our knowledge, few studies on diet quality in children with CKD in Korea have been reported. The purpose of this study was to evaluate the diet quality and dietary habits of children with mild to moderate CKD in an attempt to identify an early marker of deterioration in nutritional status in this population.

Materials and Methods
=====================

Subjects
--------

Nineteen children with CKD, aged from 10 to 19, were recruited between July 2010 and November 2010 at Kyung Hee Medical Center in Seoul, Korea ([Table 1](#T1){ref-type="table"}). Nineteen children with CKD who had renal biopsy were recruited from the University hospital. Glomerular filtration rate (GFR) (estimated by endogenous creatinine clearance calculated from serum and 24-h urine concentrations of creatinine) ranged from 9.5 to 159.6 mL/min/1.73 m^2^. No children had never been artificial replacement therapy and had suffered a catabolic illness for at least 3 months before the time of data collection. All children were following an ad libitum diet and were receiving medical therapy according to their clinical status. Informed consent was obtained from all parents and older children. The study protocol was approved by the Institutional Review Board (IRB) at the Kyung Hee Medical Center (IRB No: KMC IRB 1011-05).

Data collection
---------------

General characteristics (age, gender, years if diagnosis, underlying disease) were investigated using constructive questionnaire. Anthropometric measurements were made with the use of standard methods for body weight and height after the subjects had been instructed to wear light clothes and not to wear shoes. These measurements were made by the same rater and the mean value of three measurements was used for data analysis. BMIs were calculated according to the following formula: BMI = weight (kg) / height^2^ (m^2^). Values for weight, height, and BMI were expressed as Z-score relative to the healthy Korean population of the same sex and chronological age according to the Korean National Growth Charts in 2007 \[[@B14],[@B15],[@B16]\]. Laboratory results included hemoglobin, hematocrit, and serum concentrations of total protein, albumin, blood urea nitrogen(BUN), creatinine, and uric acid based on the medical record.

Dietary habits were obtained by structured questionnaire, which was consisted of 6 questions including frequency of meal, frequency of breakfast, regularity of meal time, frequency of overeating, frequency of snack intake, avoidance of food, with 3-point scale \[[@B17],[@B18]\]. Each questions were scored from 0 to 3, presenting that lower scores were good dietary habits. Appetite was evaluated using the Council of nutritional appetite questionnaire (CNAQ) which comprised eight items \[[@B19]\]. Scores for each question are summarized, resulting in total appetite score, ranging from 0 to 40. A total score less than 28 of 40 means loss of more than 5% of body weight within six months.

Dietary intake was collected by 3-day food record. All children and parents or primary care givers were carefully instructed how to record the amounts of ingested foods, snacks and beverages by household measures and were how to take the measures of the utensils before starting food recording. The food items and the amounts of food in the food records were ascertained again by a skilled clinical dietitian using food models. The same dietician analyzed all food records using the Computer Aided Nutritional Analysis program version 3.0 (The Korean Nutrition Society, Seoul, South Korea, 2010). Calorie and 15 nutrients (protein, vitamin A, B~1~, B~2~, B~6~, C, E, niacin, folate, Na, K, Ca, P, Fe, and Zn) from the food records were determined for nutrient adequacy ratio (NAR) estimation, which was calculated as the actual intake of a nutrient divided by the Dietary Recommended Intakes for Korean (KDRIs) for chronological age. Mean adequacy ratio (MAR) was calculated as a measure of overall nutrient adequacy, where MAR is the sum of each NAR divided by the number of nutrients \[[@B20]\]. To estimate MAR, each value of NAR was truncated at 1.0 so that a nutrient with a high NAR could not compensate for a nutrient with a low NAR \[[@B21],[@B22]\]. For both NAR and MAR a value of 1.0 indicates that the intake of all nutrients is equal to the recommended intakes, and a MAR below 1.0 indicates lower than the recommended intake for one or more nutrients \[[@B23]\].

Index of nutritional quality (INQ) was used for evaluation of nutrient allowance per 1,000 kcal \[[@B24]\]. To determine a value of INQ for each nutrient, recommended intakes of each nutrient was converted into an allowance per 1,000 kcal. After that, actual intake of each nutrient per 1,000 kcal of actual calorie intake was divided by each recommended intake per 1,000 kcal.

Statistics
----------

Statistical analysis was performed using Statistical Analysis System (SAS) version 9.1. Results were presented as mean ± SD. Student\'s t-test were used to compare the means of the groups. The correlation between clinical parameters related to renal function and diet was tested by Spearman\'s correlation coefficient. Statistical significance was defined as p \< 0.05.

Results
=======

Nutritional status of the patients is shown in [Table 2](#T2){ref-type="table"}. Patients had Z-scores of height (-0.2 ± 0.8), weight (-0.2 ± 1.3) and BMI (-0.2 ± 1.3) below those for the healthy population. Z-score of height deteriorated as GFR decreased, indicating significant decrease in the patients who with GFR \< 75 mL/min/1.73 m^2^ (0.2 ± 0.7) compared to those who with GFR ≥ 75 mL/min/1.73 m^2^ (- 0.7 ± 0.7) (p \< 0.05). All biochemistry results were within normal range except for BUN (24.0 ± 23.1 mg/dL) and creatinine (1.7 ± 1.8 mg/dL). Hematocrit (p \< 0.05), total protein (p \< 0.05), and calcium (p \< 0.05) were significantly lower in GFR \< 75 mL/min/1.73 m^2^ group than in GFR ≥ 75 mL/min/1.73 m^2^ group. However, BUN (p \< 0.01), creatinine (p \< 0.01), and uric acid (p \< 0.01) were significantly higher in in GFR \< 75 mL/min/1.73 m^2^ group than in GFR ≥ 75 mL/min/1.73 m^2^ group.

Eating habits and appetite in children with CKD were not significantly different between two groups (data not shown). Mean intakes of energy in the patients with CKD were about 70% of the recommended intakes ([Table 3](#T3){ref-type="table"}). Energy intakes in the patients with lower GFR (26.6 ± 9.3 kcal/kg of body weight (BW)/day, 60% of the recommendation) were significantly less than in those with higher GFR (37.4 ± 11.1 kcal/kg of BW/day, 80 % of the recommendation) (p \< 0.001). Adequacy of dietary energy intake was only 70% (0.7 of NAR) of the recommended amounts in this study subjects and it significantly decreased in lower GFR groups (p \< 0.001). Overall nutrient intakes were less than the recommended amounts except for protein (1.0 of NAR) and sodium (1.0 of NAR). Thiamin (p \< 0.001), riboflavin (p \< 0.001), vitamin B~6~ (p \< 0.01), folate (p \< 0.05), iron (p \< 0.01) and zinc (p \< 0.01) were in the patients with lower GFR group significantly lower compared to those who with GFR ≥ 75 mL/min/1.73 m^2^. Overall nutrient adequacy presented by mean adequacy ratio (MAR) was 0.7 ± 0.1, which means the subjects obtained less than 75% of nutrients of recommended amounts from usual diet. MAR was also significantly lower in the lower GFR group (p \< 0.01).

Nutrient density, expressed in INQ, appeared to be around 1, which means that the consumption of each nutrient per 1,000 kcal satisfied individual\'s requirement for each nutrient. It can be postulated that reduced overall nutrient intakes might be due to low calorie intakes. However, INQ of some nutrients, such as folate (0.6 ± 0.2), vitamin C (0.7 ± 0.5), calcium (0.6 ± 0.2) and potassium (0.3 ± 0.1) were appeared to be considerably low, indicating low in absolute amounts of these nutrients in their diet, regardless of calorie intakes. Minerals such as calcium (p \< 0.05), phosphorus (p \< 0.01), and potassium (p \< 0.05) were significantly higher in lower GFR group than in higher GFR group, while sodium intakes (p \< 0.05) were significantly higher than in lower GFR group than in higher GFR group.

Avoidance of food (r = -0.61, p \< 0.01) and total scores of appetite (r = 0.59, p \< 0.01) were correlated significantly with levels of BUN ([Table 4](#T4){ref-type="table"}). GFR correlated positively with dietary intake of iron (r = 0.53, p \< 0.05), zinc (r = 0.46, p \< 0.05), thiamin (r = 0.59, p \< 0.01), niacin (r = 0.48, p \< 0.05), and vitamin B~6~ (r = 0.50, p \< 0.05). BUN correlated positively with protein (r = 0.51, p \< 0.05) and negatively with calcium (r = -0.59, p \< 0.05), potassium (r = -0.63, p \< 0.01) and folate (r = -0.55, p \< 0.05). No significant correlations were found between creatinine and dietary nutrient intakes.

Discussion
==========

The purpose of this study was to evaluate the diet quality of children with mild to moderate CKD in an attempt to identify an early marker of deterioration in nutritional status in this population. Overall nutrient intakes were inadequate and diet quality was decreased as kidney function was decreased. Dietary habit and appetite were also related with kidney function in this study subjects.

Anthropometric parameters, which are commonly used for nutritional assessment in children, reflect children\'s growth and development \[[@B24],[@B25]\]. In the study of Nydegger et al \[[@B26]\]. nutritional status of the children with end-stage renal failure were assessed based on anthropometry and compared nutritional status with the children in pre-dialysis stage. In that study, no significant differences between the children with GFR \< 25 mL/min/1.73 m^2^ and those with GFR ≥ 75 mL/min/1.73 m^2^ were shown in Z-scores of height, body weight and BMI. In another study, however, Z-scores of height and body weight in the children with GFR below 25 mL/min/1.73 m^2^ were significantly lower compared to those with normal kidney function \[[@B27]\]. Our study demonstrated that Z-score of height in the group of GFR \< 75 mL/min/1.73 m^2^ was lower than in the group of GFR ≥ 75 mL/min/1.73 m^2^, while the Z-scores of body weight and BMI between two groups were not different. The differences of each study results were caused by the variation of study design, which were related to the participant\'s eligibility including clinical manifestation and treatment stauts \[[@B3],[@B28]\].

Serum BUN, creatinine, and uric acid levels start to increase when kidney function decreases below 75% and metabolic disturbances in calcium and phosphorus definitely appears when kidney function decreases below 50% \[[@B29],[@B30]\]. In the study of Norman et al. \[[@B27]\], serum phosphorus levels in the children with GFR below 25 mL/min/1.73 m^2^ were higher compared to those with GFR above 25 mL/min/1.73 m^2^, but serum calcium levels were not different between these two groups. Another study demonstrated that serum calcium and phosphorus levels were not different between the groups of GFR less and above 50 mL/min/1.73 m^2^ \[[@B31]\]. In this study, serum calcium levels in the group of GFR below 75 mL/min/1.73 m^2^ was lower compared to the group of GFR above 75 mL/min/1.73 m^2^. It is considered that the each study result might be different according to the assignment of the participants into GFR group.

It has been reported that the children with CKD has poor appetite and dietary restriction and thus they consumed less calories and essential nutrients compared to those with normal kidney function \[[@B9],[@B26],[@B32],[@B33]\]. It has been also reported that rigorous dietary restriction leads less intakes of sodium, potassium, phosphorus, vitamin C and B~6~, and folate \[[@B34]\]. Dietary energy and protein intakes for pre-dialysis children are recommended as much as for the children with normal kidney function, and intakes of sodium and potassium are recommended considering the degree of swelling and the level of serum level \[[@B34]\]. According to this study result of dietary intakes in the children with CKD, most of the essential nutrients in the group of GFR below 75 mL/min/1.73 m^2^ were less than the recommended amount. However, sodium intakes in all children with CKD were about 200% of recommendation. It is imperative that dietary intervention would be required for reduction of sodium intake.

This study demonstrated that dietary adequacy for calories and some nutrients including thiamin, riboflavin, vitamin B^6^, folate, iron and zinc were poorer in the group of GFR below 75 mL/min/1.73 m^2^ compared to the group of GFR above 75 mL/min/1.73 m^2^. INQ score, which is useful to estimate the individual nutrient intakes adjusted for total calorie intakes \[[@B35]\], of calcium, phosphorus, and potassium were higher in the group of GFR below 75 mL/min/1.73 m^2^, indicating higher nutritional quality. However, some limitations have been pointed out in the previous literature that INQ was not available for the dietary quality assessment in whom with severely diminished total calorie intakes \[[@B35]\]. Therefore, nutritional quality may be overestimated in the children with GFR below 75 mL/min/1.73 m^2^ who consumed dietary energy 56.7% of the recommendation. Meanwhile, NAR of thiamin, riboflavin, vitamin B~6~, folate, iron and zinc in the group of GFR below 75 mL/min/1.73 m^2^ were ranged from 0.3 to 0.7, presenting severe nutritional unbalance and inadequacy.

A diminished appetite, also known as anorexia, is a frequent complication of uremic syndrome in CKD patients \[[@B35],[@B36],[@B37],[@B38]\]. A diminished appetite due to uremic syndrome decreases food consumption and increases energy expenditure \[[@B39]\]. It can be a cause of malnutrition and growth retardation in children and consequently leads physical, emotional and social stress \[[@B11]\]. Considering that the aim of nutritional assessment is to identify patients at potential or substantial risk of malnutrition, nutritional assessment has necessarily to be feasible, easy-to-use, cost-effective, and non-invasive. Although the tools or scales for evaluating dietary habits and appetite differed among the studies, dietary habits and appetite has been widely used as surrogate indicators for nutritional status in diverse population \[[@B19],[@B40],[@B41],[@B42]\]. In this study, dietary habits, especially avoidance of food, and anorexia in children with CKD deteriorated as BUN level increased. This study result presented that dietary habits and appetite may be significantly affected by kidney function and suggested dietary habits and appetite were easy-to-use indicators for assessing nutritional status.

Due to a small number of study subjects, it may be difficult to generalize study results. Considering we satisfied the power of sample size according to the literature review, however, this study results are meaningful to explain the characteristics of children with CKD. In addition, there is little evidence to describe the diet quality and dietary habits of this population, although the prevalence rate of pediatric CKD in Korea is 3.68 per million which is higher than the prevalence in other countries (e.g., 14.6 per million in USA). Therefore, this study provides preliminary evidences for future investigations related to dietary intervention for children with CKD. A further study to investigate the effect of comprehensive dietary intervention on dietary intakes and consequently on nutritional status in children with CKD are warranted.

Conclusion
==========

Overall nutrient intakes were inadequate and diet quality was decreased as kidney function was decreased. This study suggested that dietary habit and appetite were early predictable indicators for nutrient intakes and nutritional status during CKD presenting dietary habits and appetite were related with kidney function in this study subjects. Systemic efforts of nutritional intervention, especially increasing appetite and balancing dietary intake, are imperative to prevent deteriorating growth and development and improve the nutritional status in children with CKD.
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###### 

General characteristics of children with chronic kidney disease according to the GFR

![](cnr-3-142-i001)

Values are presented as n (%) or mean ± SD unless otherwise indicated.

GFR: glomerular filtration rate (mL/min/1.73 m^2^) = Height (cm) × 0.43 / serum Creatinine (mg/dl)

^\*^p \< 0.001

###### 

Nutritional status in children with chronic kidney disease

![](cnr-3-142-i002)

Values are presented as mean ± SD unless otherwise indicated.

BMI: body mass index = weight (kg) / height (m^2^), BUN: blood urea nitrogen

^\*^Z - score = \[(χ/M)^L^ - 1\] / LS (χ was from height, weight and BMI for calculation of Z-score, respectively, M: Median, L: Box-cox power, S: Coefficient of variation); ^†^p \< 0.05; ^‡^p \< 0.01.
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Nutrient adequacy ratio (NAR) and index of nutritional quality (INQ) in children with chronic kidney disease
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Values are presented as mean ± SD.

^\*^p \< 0.05; ^†^p \< 0.01; ^‡^p \< 0.001

NAR: nutrient adequacy ratio, MAR: mean adequacy ratio, INQ: index of nutritional quality.

###### 

Correlation between renal function parameters and diet

![](cnr-3-142-i004)

^\*^No statistical value for correlation between sodium and GFR; ^†^p \< 0.05; ^‡^p \< 0.01.

NAR: nutrient adequacy ratio, MAR: mean adequacy ratio, GFR: glomerular filtration rate, BUN: blood urea nitrogen.
